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INTRODUCTION
The mammalian Sirtuin genes are homologs of the yeast Saccharomyces cerevisiae Sir2 gene that is implicated in the regulation of longevity (Haigis et al., 2012) . There are seven Sirtuin proteins, with SIRT1, SIRT6, and SIRT7 localized in the nucleus, SIRT2 localized in the cytoplasm and SIRT3, SIRT4, and SIRT5 localized in the mitochondria (Finkel et al., 2009 ). The mitochondrial deacetylase SIRT3 is thought to act on numerous substrates to regulate seevral processes including fat and amino-acid metabolism as well as electron transport (Huang et al., 2010) .
SIRT3 has been proposed to fucntion in maintaining mitochondrial integrity and to serve as a bonafide tumor suppressor (Finley et al., 2011; Kim et al., 2010) . We have shown that Sirt3−/− MEFs expressing only Myc or Ras are able to grow in soft agar and form tumors in nude mice, unlike wild type MEFS which require the expression of both oncogenes (Kim et al., 2010) . Furthermore, Sirt3 knockout mice develop estrogen receptor and progesterone receptor (ER/PR) positive breast cancers (Kim et al., 2010) .
One third of female Sirt3 knockout mice developed mammary gland tumors by 24 months. These tumors were well-differentiated, ER/PR+ tumors similar to the tumors commonly seen in breast malignancies in older women. Our analysis of 992 human breast cancer samples from human tumor mRNA expression databases showed a significant reduction in SIRT3 mRNA in breast cancers compared to benign tissue as well as an association with grade (Kim et al., 2010) . We have further examined SIRT3 expression by immunohistochemistry (IHC) of human breast cancer samples and examined the correlation between SIRT3 and patient outcome in a large collection of human breast cancer samples.
BODY
Statement of Work -Task 1 -Identify Sirt3 mitochondrial deacetylation targets and determine if these targets are regulated by extracellular stimuli known to activate sirtuin function (e.g., resveratrol). These targets will subsequently be knocked down (with siRNA) to determine if there is a mechanistic connection between the increase in superoxide and the stress-induced genomic instability observed in SIRT3 -/cells (months 1-18).
Results:
The results for Task 1 have been detailed in the report for W81XWH-10-1-0661, which is the companion grant for W81XWH-10-1-0662 in this synergistic award mechanism. These studies have identified Manganese Superoxide Dismutase (MnSOD) and OSCP as SIRT3 targets. The specific lysine residues in these proteins targeted by Sirt3 have been identified and new antibodies have been developed. These include the OSCP acetylated K139 and MnSOD acetylated K68 antibodies.
Statement of Work -Task 2 -Determine if exposure to resveratrol or overexpression of a MnSOD gene will prevent increases in ROS in MEFs and/or decrease the development of mammary tumors in
Sirt3 knockout mice and transformation in SIRT3 -/-MEFs (months 7-24).
Results:
The details for this Task are presented in the report for W81XWH-10-1-0661. W81XWH-10-1-0662 has established the histological and immunohistochemical protocols for analyzing mammary tumors and expression of Sirt3 and acetylated Sirt3 substrates in tissues, including OSCP acetylated on K139 and MnSOD acetylated on K68 (Figure 1) . 
SIRT3 expression is reduced in breast ductal carcinoma in situ (DCIS) and invasive breast cancer
We evaluated SIRT3 expression in normal and breast carcinomas by IHC ( Figure 2 ). SIRT3 expression was consistently lower in neoplastic tumor cells compared to normal breast epithelial cells. Small clusters of breast cells were scored as low/absent (negative or no staining), weak/focal (1-10% positive), intermediate (11-50% positive) and strong (>50%) positive cytoplasmic depending on the percentage of positive cells and intensity of staining. The overall average score expression in normal breast duct epithelium was significantly higher ( Figure  3) , as compared to that in invasive/in situ lesions (1.8 vs. 0.5, p<0.001). For example, while only 23% normal breast tissue has low/absent SIRT3 expression, 72% of in situ breast lesions and 74% of invasive lesions were negative for the expression of SIRT3 (Figure 4 ). There was no statistically significant difference in SIRT3 IHC expression across tumor grades in invasive carcinomas. All metastatic carcinomas in lymph nodes (n=9) have corresponding SIRT3 staining with that of primary breast tumor except 2 cases with weak/focal staining in the primary tumor and negative staining in the matched lymph node metastasis.
SIRT3 protein expression relation to breast cancer hormone receptor status
We also examined SIRT3 expression in relation to estrogen receptor (ER) and progesterone receptor (PR) status. SIRT3 loss occurs with a higher frequency in ER negative (ER-) and PR negative (PR-) tumors. SIRT3 loss is seen in 83% of ER-tumors compared to 62% of ER+ tumors (p=0.002). Similarly SIRT3 is lost in 82% of PR-breast cancers compared to 68% of PR+ cases (p=0.04).. Analysis of the expression of SIRT3 according to hormone receptors and HER2 status of breast cancers revealed that 75% of triple negative cases (ER-, PRand HER2-) show loss of SIRT3 expression which was comparable to 80% cases with at least one positive marker that show loss of SIRT3. 
Decreased SIRT3 is associated with poor outcome in multiple subtypes of breast cancer
To determine a potential association of low SIRT3 expression with patient outcome, we interrogated data in a publically available breast cancer expression hub, KM Plotter. We subdivided samples based on SIRT3 expression, with those in the lowest quartile in one group (low SIRT3) and the rest in another group (high SIRT3) and tested for the relationship to relapse free survival. Remarkably, low SIRT3 expression is found to be associated with significantly reduced survival in all breast cancers, as well as in ER+, ER-, HER2+, Luminal A (ER+ and/or PR+, HER2/neu-), Luminal B (ER+ and/or PR+, HER2/ neu+) or basal-like type (ER-, PR-, HER2/neu-, CK 5/6+, and/or EGFR+) breast cancers ( Figure 5 ). We have also demonstrated for the first time that low SIRT3 expression is associated with poor outcome in multiple subtypes of breast cancer. Remarkably, low SIRT3 expression is found to be associated with reduced survival in all breast cancers, as well as in ER+, ER-, HER2+, Luminal A, Luminal B or basal type breast cancers. Taken together, this study underscores the importance of SIRT3 as a potential tumor suppressor gene in breast cancer. Additionally, the study highlights a potential role of SIRT3 as a biomarker to assist in identifying high risk patients across all molecular subtypes of breast cancer. More studies are needed to identify the role of SIRT3 and other sirtuin genes and understand the mechanisms involved in this process.
Figure 5:
Analysis of breast cancer data by Kaplan-Meier Plotter shows that low SIRT3 expression is significantly associated with poor outcome (relapse free survival) in all types of breast cancer examined. The numbers of samples in each group are indicated in parentheses, and the hazard ratios (HR) and log rank p values are shown.
